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The tester plants in pt:rt II of table 19 xere also used to detc:--,mine 

if the uniformly nigmented plants derived from unifor ly pigmented kernels 

appe: ring on ears 
/produced by cro::ses of ??lants c.crrying the $720 state of a 1 m-1 (see table 

18 for selections) carried a stable mutant of state m that would not a !, 

respond to Spmrin any manner. These ~~lc?n.:;s had P B state 
fjr !,J (Kxiw 

572O'jfl 
p,.h 

A 
and Sh2 in one chro:?osome 3 and a 

1, 
sh2 in the homologue. 

L-u 
If Spm were also present in them, to which the mutant a not res--.onding, 

then its presence would be mu revealed by the apncarance of varieg:?ted 

a1 m-l(state 5719A-1) 
ke-nels within the/sh2 carr:-in; B class on ears produced by 

0; &j? r.rL 
crosses with the tester plants in part II of table 19. 

4 
This Qpe of test, 

as well az some others that will be described late-, indic$ted the stability 

/~A &CA oc m. 
of the mu&ants '*I,! I r4 derived from state 5'720)for some or" the plan.i;s aa+~&~$t&xn 

-4 
@&I b IMQ 

also 1& Spm, 
4 

The tester mlan-ts in Part III of table 19 we:r'e p3rticulzly useful 

fog int#?oducing the Snm eZ!e:rezt(s) in them into k rnels on e::rs produced 

,;,,.:w 
by plants that !*rere derived I'rom pale, Sh2 .-in tab1.e 18, 'I'3is >JCiS f 

especially im:~o -wl -\ rtant when the state of al in them was not 5719A-1. 
,.,<I rl#; .: '! i f&to j-J-w.q& \JJ(,,j@j ' $ &,$&J+ CQ 4P C~&Tj,q x&r:* dG"J 

In all crosses of this type, the sta%c of a,*-\ 
A 

carried in the plan-i; being 
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tested would respond to the Spm delivered to the endos?-,c--;m by the 

t ster plent. 1:' the plant belnz tested was a m-1 (any stfite but 
1 

5719A-1) Sh2/ al sh2 in constitution, the difference in VW 
n; F 7,@.~.C( QTJLAJ &.,&Bcm 4 "2 

patt:-:rn &EL the Sh2 
4 

class of k,rnels when comp;‘:r:ed 1~3th that in the sh 
2 

class was always evident and this was strikinl:ly so when the plant being 
#- i,. I+ r P - 11'. I!-& \ : -,1 i p"'rJ ' '1. .c *a.$. j, , yi1" / c/ ret \ 1 ./ 

tested had either state 57OOA or state 5996-4. This was anotii-?r tBst 
-2 

the:: confirmed the uniq.ue response of each state of al m-l to any one Spm 

element. It 1~~8s also important for demonstrat:ng the relation of 

response of the a 
m-l 

1 state in the plant being tested to the particula-iq 

%lmrW 
Spm constitution in the tester plant.'\ B #W S pm wer;, linked ti th a tior,rn 

CwLlr, 8 
gene marker (Y Spm / y t in -.:lant 66663, ta;:le 19), the kernels on ears 

1 8 
' 

CL 
produced when its Fallen was used to make W cross SW linkage of 

QJJ-w fi?odlb p& WeGaRs @aA; L4,aAapLc~~ 
the variegated class of kernels W dn all ears here the 

A 
L. , . constitution Q I the plant being tes-t;ei +x&d 

.- . 
i - 

Ad. L 4. -Ihe ratio of xriegated to pale kernels 
! 

f.. [I ."+ 
carrying sh2 LFJ. reflected the 

number of Spm elements that were present in the tester plant (1 Spm 

@JJ! 'q 
in i?lants 66663 J 66713, 6673F and 6690 and 2.t le::st 3 in plant G68OD). 

A 

Plants derived from the uniformly pale colored kezmels in table 18 
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developed anthocyanin pigment t&& wc".s woaker in intensity than that 
4 

produced wInen Al is present. 
fyil p, L'l.'.J 

Among theAplants derived from WZJ 

variegated kernels, two distinctly different types of pigmented areTLs 

a non-pigmented background. .&b&J. 
One @q+m W .L I 

anthocyanin pigment resembling that which is produced when Al is present, 

,gd the size of thz; areas in which this ;Tigment was ?-xsent was nec.rly 
,,if tI?e st2tc of al 

they could be large if 
in the plant was 5718, 5719A-1, 5719A-2 or 5999, but 

always small, 
the state were 5'700A , 59,9f5-4,0r the original one. 

being no mo;ye than a short streak, )I T'ne other w m 

v pi?gment whose type and intensity was that ICLIC~ the 

a1 
m-1 produced in the absence of Spm. 

y&J: i&@LL qw 
'Tks+e &rczs coilld be of 

A -I 

state of 

any size, 

from one that included a large part of a plant to small ones tnat al):-c3Yed 

as fine str:xks. The number and the average size of these areas in a 

plant was correlated with the number of $rn elements that were present in 

it: the higher the numbzr, the fewer were these are:;s, and the smaller 

their average size. In plzntswith three or more Spm elexnts _. in them, 

fy+w+d &Q&q - 
the V~~Jr 

IJ,.:"~:c; produced only, by mutation occurring to the al m-l . 
1 3z&ikm, w!:ereas if one 

@ ; -mcqsLtruJ 
S?m were present, tile w pattern was a coqosite of t3e two 

n 

types of yignsnted a:c,as, the ?Jale areas and the a:e?s produced by mutation 

m-1 ofal . It WCS learned later that the pale pirmented are:.s ap aring 

in plants 



from some nuclei duz=ing development as a consequence of transaositir.n20r 

b 
: [! g/*, effectiveness 

&IS loss 0:' its zUzti* as a consequence of its inactivation, If only 
-44 OSf?.t (.‘.I :1p !.I/ -CL && 

one Snm weLie present, .- 
ft 

e?thcr of thesenevents -W-*%-t in 
A 

a nucleus would result in the a:.pczrance of pale pigment in its progeny 

cells. If two or more Snm elements we7c pre::ent in a nucleus, then 3.n 

event mu-t occur to each of them at one time, or a succession of such 

:ver:ts must occur, first tc one Spm element and then to the other, in 

order- that a nucleus a:-ise 4n Clich there is no Spm activity, Thus, the 

pattc?nb of vzrieg. tion exhibited both by kc::nel (see qage (Do > and by 13~3. 

0 ;.,l &JJ, &; i C,: 1,s. 4: j >! 1.T 
plant may be strikinglg diffeI,ent depending u>on the Spm num?>eI-iin Weir 

.) __I_.____..__ --ul= --. ------y-v-' - - ".. ., . _ I 

TL 

____ . ___-_- --- s i . t-5, y,:.~ 

nuclei,. However, thlis relationship %=s not an absolute cne, Enzr F]bt also 't., 
fi, 1 

/ depends both upon the time dl:ricg develo?,l;lent i$leen these events OCCIP and 

the fre:!uency of their occu:rcnce at any one time, and this is a cropeyty i. 

of the isolate of "pm present in a ke2nel or a plant. Spm el.e!qents tider-i 

go change in st::te th::t alter thc,;e prope?t;es and discussinn of this 
P .!,?I - i'i"t 

will be given in sections'devoted to transposition of Spm and to its 
*\. 

inactivation, For this rezsrn, not all k:-!i-nels and plants having one 

‘,!” I 

Spm element in them rzq e&ibit 

1 , ’ f: : I <, p,-,y 

areas. The $JI element in them may not be s~&&.&-A'freque~~tl;~ occuvr:ring : 

modi"" lLcr,tion of the tyT:7es desc;-ibed, 



j)iscussfon of w tests of~S::m conducted durriny the SUXTL' Y' OP 1954 
4 J. / 

will commence with p:70geng of plxts in culture 662911 (table 5') whose 

constitutions were m-1 (state 5719A-1) Sh2 / a1 sh2 4-Q a 1 and considered to 
A 

fJ!w 
be Y Spm / y t. The sil'rs 0;' the ears ol" plants in 6629A had received :\ 

pollen from nlnnts 0 f the st:ndard test,r stocks, homozygous for a sh 

Luec;apcacoaL,w -3 
1' 2 

and y. W &crnelS4 Q3t two Of the e;! s of plantS6629A-1 and -&& 

662$A-7 and 

ibwdumw 
v 

+ -I&%* cJJ$euuaa c2.eepcppr~s 
one e:;r of plants 6629A-4, 6629A-6, and 6629A-9,~e+e 

e&Q 
A 

sown XTable 183. The yhenot::pe of some kernels on the ear of the tiller 
A 4 

of plant 6629A-7 bJeP3 aberrant. Plants derived from selected kernels 

on this e:r we:Fe grown under culture number 6675, and tests of them will 

be conside-:ed sei?arctely &-~f' %lose conducted with 

progeny derived from the fZve other e::rs 'grown under culture numbers 
A 

6665, 6666, 6670, 6673 and 6674. 

In ta.-ale 20 is given the numbor of -'lants in etch of the above five 

cultures that were derived fro? ken els with yellow (Y) or white (y) 

endosperms among th pale ei Sh 
2' 

the variegated Sh2, and the colorless, sh 
2 

classes of knrnels on the -arent ears. In addit:'ion, one p1::n.t was Erowr. 

from a vsricgated, sh2, Y kernel in culture 6666. Four other plants 

were grokrn from kernels whose -olenot;r~es diff'eregd from ot-xrs on the 



106 

parent ears, as described in the footnote of table 20. 
-rFh 

e nature of 

along with 
the modificntion r sponsibl-: for them will be cons‘.dered later G&XEX W 

dd 
of- other nI.an-5s derived from similar types of kornels.mrxrax&~~~ 

tiiibwo, 

. Among the 66 -lants derived from the variegated ki:l-nels, all 

were variegated except one. This exceptional 9lr.nt was uniformly 

pigmented ancl the type and distribution of -: Lgment was the same as that 

in plants derived from the pale class of kc nels, Tests conducted wit?l 

this plant gave no evidence of the presence of S;pm in it. It was learned 

subsecuently that loss of Scm from a nucleus, either durring development of 

the female gametophgte or during ve;'-:J earl:: embryo development, will give 

rise to a kernel whose endospe-m and embryo differ in co;?stitution, and ._ 
A 

numerous and varied in tJTe. Crosss were made wfth nlan-ts havjng the -' 
7= 1y > 

following constitutions: the standard tester stocks, homoz;:gous for al and$ 

c&Q&i> "? ‘HI. :'.(f ' :<"b -+ 
the .;cL > 

sh2, / three different -of/tester !>lani;s >Those con::titut:ons are e:';3 

H 
given in table 19, and with other plants having states of a m-l a 

1 not 
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ka.~~e~.~an__t_h~~~n._eL!r and on the tiller s;ir 0;‘ :;lant 6629A-1 (see table -- - . ..___. -. .__ _-..I 

5 for kernel types on esch of+hese ears), ' ncluding the many ears obtalnei 

from crosses conducted wit'n plant 66663, wInose constitution is given in 

table 19, over IgO ears were produced from test crosses conducted with the 
f& r (L 5 p$J $ @ ,& 

plants in these two cultures. Because transposition of %m ma:; occur in 
4 

some cells during development of a plant, and result in loss of Spm or 

in chanE;;e in its number in some somai:ic nuclei, the kc:-nel t:T*pes on each 
~&aL4 

ear,&& the ratio of typeslhzd to be considzed wlith this T>ossibility in 

mind. iievertheless, on many ecrs produced by one type of test-cross, 

both the phenotyDes of kenels and the I-atios of these wzre often much 
‘fifi tb -QJhha l&,,& 

alike. Thel-efore ,,4data obtained from such ezrs w be summed, on 

some ezrs, however, the ratio of phenot;:pes did not agree with that gbxn 

by the maj0rl.t ~7 of enrs and the cases wher;e this was acted will be 1 
-&!AQ +%A 4 .$ \' yf F,! I?; 

indicated,zs deviatior?4Tften proved to be of considerable signi?'icance&\ 
;J&JL&&*~/\~ c-47 ~.AA? ckL4k j-k,&+ ‘c ", ji.ht :i S 'r 1 I;,:.;- lb 0 .L 

TneL-e we-'e two objectives for mk5ng the test-crosses entered in 
A 
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parts I and II of +able 21. One was to establish whether or not Spm 

we:-e present in a rlant,and t'ne second was to determine if the m-l a 1 

in the plants not having S~rn TWQ&+$-& capable of responding to it, 

If Spm were absent, no v-.ri,;gated kernels should apcear on any of the 

eight ecx’s produced bg the test -CYOSS witA:. the standard sto#ck that W?S 

the first line of 
homozl-gou:: for al and sh2, and as shown in nrWf table 23, none 

anpc,,red. Also, if these plants aYe c-ossed by plrnts of tester tgype I 

Or II, t2bl.e 19, no v, riegated kr::-nels shou!& appear on any of the 

resultin? ecrs, and as lines 2 and 4 of tsble 23 indica%e, none a::peared, 

_: liowever, if tester plants of ty e III, tcble 19, a:?e used in cross'-s with 

these -.lants, then some variegated kernels in the Sh2 classes should appear 

if the al m-l in these plants is capable of responding to Spm. Tnese 

kernels shou.?.d h:lve pigmented areas in a colorless background. The 
* % . .Ljl, y"~~L- '* ._, 

Spm delivered by the male parent nlant to the endosnerms of keriels on 
_1* 

the e <:r of the tested plant could allow tne al m-l in the, 
yyj p&&t~ + w!$-&&+ .m - - S 

pale to variegated k ?nels in the Sh2 class would depend+ ugon$ the Spm 

constitution of the tester plant. In all of the many crosses to pale- :; :.f4 l@ 
( kbJ+> ,+?dh ' q\ 4 \I; : Cd. &q.J A&ws g; ccc- 

plants conducted wit?? plant 6690, and wi&all states of al m-l , a ratio 
~M+,&AJ l-h..: kd 4 ,4 

of appYoxinately 1 galeAt 1 variegated kernel anpe red an each ear, d J&C 
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{line 5 of table 23, ~&3~3, t.,lis ratio appeFx>ed in the Sh class of ke.T,nels 
2 4 

-?.y.~.t Yt ht (pod a,Wr4) 
Tester plant 6680D4also was used in crosses to many :,lants with the pale 

iA@& m$ dLr4 m 1 YPN (! r". [: .:.;i d.&~* 
phenot;.r-Te we-+&%-h different states of al i- I -' l 

A 

On all ears so produced, nearl:? all the Sh2 carrying karnels we:je 

variegated -- pigmented areas in a colorless background. The data 

obtained from the cross of this plant to plant 6665B-5, line 6, table 23, 

is an illustration of t,>Ls. Th+ollen of plant 66663, m* 

r;JS s used on silks of ears of three of the pale, y/y plants in part II of 

table 21. Its pollen likewise was p&aced on the silks of calls of many other 

plants with a pale phenot::pe and on al.1 ezrs a ratio ap:,roximatcIng 1 pale 

to 1 variecatcd kc:nel$ a:;'?T:e::red. When the plants being tested we:e 

y/y in c: nst'tution, linkage of the variegated class with F and the pale 

class wi.th y was alwa:-s expressed among the kernels on an ear. It 

r&d- c2i.u 
concluded that plant 6666E carried on!Spm and ti was located in 

8. 

its V taearinR chromosome 6. Among the Sh2 kev'nels on each o,f t'ne three 
l : I' i-1 & rg 

ears contributing to the data entered in line 7 or table 23, tliis likemiSt? 
6") 

Among 
was exilibited, p$ the 413 k,.rnels in the pale Sh2 class, 160. were '1' and i 

253 were y. Among the 306 Sh2 kernels in the vcriegated class, 186 were Y 

and 120 weL>e y. 
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It is now necessar y to show that the a1 m-l in each of the tester 

plants of ty, e I, table 19, is capable of responding to the presence of 

Spm. The capacity of the a m-l 
1 

in each of these plants f;o respond to 

Spm was strikingly illustrated by tne phenot:Tpes of kernels appearing on 

ears of plants derived from the colorless, sh 2 classes of kernels, table 20,- 

when pollen from a tester plant of Type I was placed on the silks of m 

ec:r'of these plants, 

6~~--~~e~~~~‘-‘-~~~-22 . Although it could be assumed in 

&&&& XE! 
advance tnnt 

6u;l: 1 
no evidence of Spm would be W& test-crosses 

conducted with the pale pigmented -slants in pzrts 1 and II of table 21, 

an th-it evidence of its presence would be ob-trill ted from tests conducted A 
ti c*I 'J- .I,& 

with the vaAe,nated Tlants, ent-:-ed in parts III and LV of table a, no such 
a 

assumptions could b$made with rega:?d to any one plant derived from the 

colorless, m-l 
sh2 kernels. They do no have al and no anthocganin 

develops in either kc nel or i:lant, It would be expected, however, that 

Spm wou!.d be liresent in some of them but absent in others. Since, in 
. . k (‘ gij,?c.Q VJ tenp ($.J$&+CQ &&YiLI: uj ti"%& 7,0, 

plant~4k&Z&& 
-I 

Spm was ~nsidered tc: be located in the Y-bearin,? chrcmosome 

6, it could be anticipated th3t Spm would be present in more plants 
?J&:~.I r-3 r, : ,..F. -? #.&AD ., i&?b @ i, ,':,, I :/s 

derived from tlie,l,Y class o?' kernels than Ln those derived from tine'y 
\ 4 -2 
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Tests of plants derived from the colorless, sh2 classes of kernels 

were considered to be of fir:;t importance for verification of the mode 

$2 m-l 
&lvg C!‘( *.+!% 

of action of Spm and the resunnse of each state of a 
1 to,,, s. Therefore, 

A 

many tests w're conducted wit:-1 these plants, not 0nl.v with those in cultures II 

6665 and 6666, entered in table 22, but also with all -slants derived from 

the colorless class of kernels that are entex>ed in table 1.8, Ilie 

evidence obtained from tests conducted with them bears directly on that 

already discussed, and also on that obtained from tests of plants en"ie:::ed 

in parts III and IV of table 21, not yet discussed. For this reTson, 

t'ne tests conduct;,d with plants derived Prom the colorless, sh2 kernels 

in cultur s 6665' and 6666 will be considered now. 

An attempt was made to test each of the 31 plants derived from the 

;./>".A :' 
colorless, sh2,Y class of kernels and from the'25 plants derived 'ram the _ 'I 

colorless, sh2 y class of k:-:nels in cultures 6665 and 6666 (table 20). 
\ 

Tnis was successfullly accomplished with 30 of the former and with 24 of 

the latt:,r, The types of test conducted with each T,lant are entered in 

table 22, The giants in this table are placed under four sub-headings: 

th@@ that wer:e Y/y and in ;,j!lich Spm was found to be present (n:;rt I) or 
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absent (part II) and ti;ose that were y/y and having Spm (part III) or in 

which Spm was found to be absent (part IV). The first ear of the main 

stalk of these plants received pollen from one of the !f!!&e I tester ;-,lants 

ent-red in part I of table 19, The majority of the Y/y plants XZEE&E& 
q&,i, -52 ;: '$ . 

pre crossed by plants in culture 6638Ad All plants in culture 6638A 

vere homoz;gous for state 5718 aim-', for S&l2 and also for the recessives, 

Y, PrY and wx. fione of them had Sam, as the many tests conducted with 

each soon illustrated. Similar tests, eo.ually extensive, were ccndusted 

with the plants in culture 6641, whose CGnetitutions are entered in lrines 
Each r)l,mt WIS 'horno:::ygous for state 571qA-1 alm-l and none of them had Spm. 

3 and 3 of table 19, / Pollen collected frm plz..nts in this cul.tu;,e was 

placed on silks of the first e::r of thmain stialk of some of the plants 

entered in table 22, Also, as this table shows, pollen collected from 

pale-pigmented slants having other states of a m-l 
1 

(states 571.9A-2, 

57004 571@, and 5996-4) was Gts~ used on silks of othc:+ ears of some of 

these ;3lants, 

As table 22 indicates, with somxlants, xore t'nan one e8T n: r ulant . 
1. *'t\','"., :<t ,'>A [I ,-. 3; 4 T r , * : ?,- i\ ._ 

iias used in making a test cross, and the nollen pzt:,,entg differed with 
, I 

.-, 'I 1 GL 
respect to -the state of a 1 m-1 m in/;tkeffl. The pu3ose of tI2is 

multiple test of a single nlant is evident. If no Spm we:-e p:~':~sont in the 

plant, then no varie?ated kernels should a-op ar on any ear it produces. 
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If, Qowever, Sam wo;.e present, then variegated k:rnels could be expected to 

apneetc.r on each er.r &nc3 the pattern of plgmented spots in a colorless 

background among all of them on any one ears shou!_d be similar, -- that 

controlled b;' the p,articular state of m-l a 1 
-iA 2, t w2 s introduced by the 

pollen parent. 'This expectation is based on the interpretation 

m-l 
previouslg outlined of the individual response of each state of a 1 to 

any one Spm. Another relationship co;>ld also be anticip ted to a--;\per-r 

among the k :nels on t?.e;;e ears, It could be e;:oect d that in the -i?lan?s 

derived from the colorless, sh2, i',kernels, Sl;m wculd be p--esent in some,and 

in most of them it would be carried in the L bearing chromosoone 6. Thus, 

on ears of these plants, lizka~e of the vn:-i gnted class of kernels with 

Y and the pale class with. y could be anticipated, reCg:!rdless of 'tj.~Lich state 

of al m-l the pollen 3 rent had introduced, The expectations outlined 

above 1reT.e fulfilled in tests of plants in cultures .tS65 and 6666, and 

also, it may be added , in many tests of similar t;q:e that ?Jere conducted 
. ,i, fl.+,;,\ .":-k.?;~::r :) 

with plan-ts in other cultures, I. A 

As stated earli-:r, the yllants in -i;able 22 are sorted into four 

groups according to their constit,~!t:j.ons tzith respect to the al.loJ-os of ?I' 

and to the nrcsence or absence of Spm in them, b?sed on rosulte. obtained 

from the abcve descj:ibed tests of each0 Cn none of the ez.:'s produced 



by plants enterled in p-:&s 11 and IV of this table did variegated 

k,.rnels a?7T::;:r, OnlTr the pale pigm,:nted class oi‘ kernels a:>‘eared, and 

on ezch ear, the pigment in these k,r:r;nels was E& the t:r:;e tha': is 

c~a~~act~~ristbcall~~ nroduced in the absence of Spm by the stake of m-l a 1 

introduced by? the pollen parent, In ccntr~~:st, on all e::rs produced by 

the plants entered in pcrts I and III of Lable 22, variegated as well as 

pale-colored kernels ::ppeared. On any one ezr, the t>pe of ex--rjession 

of va-iegction axong all komels etiibiting it was the same. Similerly, 

the pattrn of v:~rie~ation appearing among the vzriegat d k;:rnels on 4 

had i traduced the same state of al m-l . 

The ratio of vzriegatcd to p&Ie colored kernels on these ears also ems 

ir&tiructive, foF Z$.,$txWcated the Spm nwnber in each tesi;ed plant. The 

ratio of these two classes of kernels on ears produced by the test crosses 

conduct-d with the 15 plants ent-,red in port I of table 22 aL;e given in 

table 24. It may be seen that on the e:rs produced by 12 of these 15 

plants, one Snrn was present and it was czrried in the Y bezring chro;?csome 

(Part I, ta'tile 24) 
in esch plr?ntk On t'ne earS produced by :lant 56&G-li_, pzrt II, %<ble 24, 

the data were too few to indicate with certainty linkage of Spm with Y 

they are 
altr?oug5 Z&.X%x suggestive of t;?is. However, the test-cross conducted 



with plants 666SG-16 and 666SG-21, Part III of table 24, did not give 

'{-. t& 
h evidence of linknre of Snm with Y. 

,j( (( s, .- 
In order to m of the 

location of Spm in these two plants, tests we--e conducted the fol:'owing 

year with plrnts d ri\:ed from the v<qriegated, Y class of k:;:nels on etch 

of these ears. Tests of the progeny of plant 666sG-21 s‘lloly'ed that the 

Spm in it was not linked with Y, Simil r tesLs conducted %ritLl the vwgeny 

ol' pl::nt 6665G-2.6 suggested 31-i; the Spm in t?.is plant WS,S still c-rried 

in chro.:osome 6 but at a location farther remo-vred .?rom Y than in the 

CL- -$.a( 
Darent plant, 6629A-l,& in sister plants entered in pzrt I of table 21~. 

\ 

Amon a, ti!e 24 tested plants derived from tne colo:.less, sh 
2, 

y k rnels 

parts III a.ndUV, table 22, only 6 had Spm, One test cross ear per 
1, _. p ~I.W J 

plant 5J7.S obtained from 3 of these 6 plants and 2 test cross ea:>s were 
4 

obtained from the remai::ing 3. The ty, es of crosses c nductsd wit?:: these 

plants are shown in part III of table 22 and t-he ratio of pale to variegated 
.-.. 

among those that carried al m-l,,! 
kernels/on each ear is given in table 25, The ratio of' pale colored 

to varie,yated kernels on each of the 9 e,ars obtained from tes-:s of these 

six plants indicat,-:d the presence of one Sprn in all six of them to wh.ich 

str'tes 5716, 5719A-1, 5719A-2 and 5996-b of aim-' responded, each in its 

03~n manner. 
of plants 

The tests/derived f'rcm the colorless, shS classes of' kenels 
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entered in table 22 cl$.erly expressed the effectiveness of the test 

method$ for revealing Spm constitutions in these plants and for demonstratin 

the individuality of response of each state of a1 
m-l to the Spm that was 

present in any one plant, \qitn this in mind, consideration ma;; now be 

given to tests conduct d with the sister plants that were derived from 

test 
the vCirieg::ted, Sh2 kernels. The/crosses that were conducted with each 

of them are entered in parts III and IV of t,,ble 21, Those conducted 

with fitEaa plants derived from the variegated, Sh2, Y class CS kernels, 

part III of table 21, 
/will be considered fi::st, 

of the 17 tested plants in part III of table 21, 15 had one Spm 
$- y&Q &.!.iG&:$ !iw 0) &g I,;.,. .c . r"fpf, -c T 

and it was carried in the Y bearing chro:losome 6 in e:ch. ,T&++&&s 
4 -1 

En-f3-e-turws-~- 
/ lqca+-ai.Q 

&(~+jf and..+&& .- -... fndj.Ga 
msm-‘B I&..~+-uF -**bl-e--- 21 l j The 

kernel t:;r,es on the test.c ross ears produced by these plants are given in 

table 26, 
ratio of kg::-nel types on the . ..6666C-1 

The/one ear obtained from planttdid not give evidence of 

lirkage of Spm with Y, iiowever, 
T.f@ +;&+p; '*.k b' 

tests c<nducted with plants derived 
A 

from the variegated, Sh2, Y kernels on this ear indicated that the Spm 

in it was carried in the Y bearing chro;zosome 6, j. Similarly, 

the r.atio of kernel %ty-:-,,es on the first ar of plant 6666C-2, pC=rt II, 
I\:,, .A LRi(p3 F YL 

table 26, did not give evidence of linkage of $rn with Y whereas the tiller 
4 

ear of this plant, part I, table 26, clearly indicated such linkage. 
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Therefore, tests were conducted tifi$ following year with plants derived 

from the variegated, Y kernels on thlb, ear of the main stalk of this 

plant and these established tne presence of Spm in the Y bearing chromosome 
ihi pi 'f 3I Q&";'i:g;un ?ib~,l-cr"r. 

6 in plant 6662L2. The ratio of keinel t:,-ues on the two test-cross 
\ 1 

ears obtained from plant 66653-10, part I, table 26, differed frcm that 

apperring on all other ears. There were 103 pale-colored, Sh2 kenels 

of which 45 were Y and 58 were y, and 234 variegated Sh2 ker-nels of which 

119 were Y and 115 were y. Obviously, the Spm in this plant was not 

linked with Y. Two Spm elements could be present in it or one Spm element, 

could be present and carried in the chromosome 3 with al m-1 . In order 

to determine the Spm constitution in -t-is plant, tests t;ere conduceed the 

f'ol!-owing ye:;r with plants derived from the variegated kernels on each of 
c- 

fSr?b 
the two eclrs of pla-nt 6665E-10 and these established the S>rn constitution 

4 

of this plant. It had 2 Spm element, neither of ~,Cj.ch was lirlked with Y 

$tor with al m-1 . 

The ratio of kernel tpnes appearing on the two test-cross e-.rs of 

plant 666&7 were abbarant (parts I and II, table 26). Both enrs were 

partiall:- sterile and the number of kt:rnels on each we:-e few. Tests 

.%l conducted with 5' plants derived from S+XW s._ &A variegated k rnels on the 

ear entored in part II of this table indic ated th3.t a burst of transpositio& 
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of Spm mast have occured late in development of this plant. One plant 

was Y Spm/y +, another had 2 Spm elements, one of which was linked with Y, 

a third had 1 Spm element linked with Pr in chromosome 5, a fourth had 

1 Spm element linked with Wx in chromosome 9,and the fifth had 1 Spm 

Also, 
element, not linked with any of tnese markers, / Ehe factor responsible 

for sterility was not transmitted to any one of these offspring. It is 

however, originally 
prob::ble,/that Spm was/carried in the Y bcyring chromosome 6 of plant 

One Spm was present in each of the 6 :?lants in pc?rt IV of table 21. 

On each test cross ear, a ratio of one/pale-colored kernel to one variegated 

k:.:rnel apper?f?ed among those having a m-1 
1 in them, as table 27 indicates. 

The test CTOSSF:S conductl.-id xit... Flant 6666E, part V, table 21, were 

numbrous, as mcntbqned e rlier. It was quite evident from them that the 

. 
s;prn in it was crlrried in the Y becring chrolroaonze 6 and evidence of this 

was given on page 00. Pollen was collected from the main stalk of tllis 

plant and from each of its three tillers. Tests conduct,;d with all four 

Pd 
parts of tlis illant Fndicnted that the Spm in each was zarried in the 

4 

Y bearing chromosome 6, 

Altogether, 93 of the 106 plans,< in the progny of plant 66298-l 

that wr;re grown in the smer of 1954 under cultu- e numbers 6665 and 6666 



were tested for A&.&X Spm constitution. Table 28 summarizes the Snrn 

constitutions and locaticns in the plants as ciet, rmined by the test of 

each,given in detail in the preceding pages. Similar tynes of tests 

were conduct::d with r,lants in cultures 6670, 6673, and 6674, table 20, 

derived from selected kc:rnels on ears produced by other Y Spm/y t plants 

in culture 6629A. The results obtained from them were so similar to those 

already described that a detailed descripticn of the ty-be of test 

conduct-d with each plant need not be given here, MO Spm was Round to 

be present in the pale pigmented plants derived ;:'rom the pale colored 
5“ @),A& &&4$qJJ- 4 :&j $,; :rL!i .:% -Gdr: iet. - I b 

kernels. However, in all cases where Spm was delivered by means of a 
4 

oross'cond&cted with a plant of tester type III, table 19, the al m-l 

to l&e Spm 

delivered by the tester slant, & Spm ~&BM& was found to be present in 

all varieg-ted plants derived from variegated kernels. In most of them, 

one Spm was present and in the majority of these derived from the 'l class 

of kernels, it was linked ~"5 th Y. In several plants, however, the Spm 

hnf+vdA& 
element in them did not give evidence of li.<kage with #. 

Tests OL' the plants derived from i;he colorless, sh2 classes of kernels 
[;, , ZJJ? G3 

were as extensive for Gultures 6670, 6673 and 6674 as for 6665“, and 6666, 
i+ 

just described. liere, also, it was fou d that when Spm was present in 
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m-l 
in any one of them, it was carable of acting upon any state of a ,? 1 and 

each state, in turn, responded to it in its own individual manner. The 

tests cc:!ducted with these plants may be summarized briefly. Of the 

59 plants derived from the colorless, sh2, g class o? k rnels in i;~.ble 20, 

one 
56 were successfully tested. In 32 0f them,/Spm was present &&d it was 

carried in the Y chromosocie in 30 of therae plants. The Spm in 2 plants 

d&d not show evidence of linka,?e w.'th Y. Of the 63 plants derived from 

the colorless, sh2, y kernels, 60 were successfullg ti:sted for Spm. 

It was present in on1.y 17 of these plants and one Sum was present in each, 

The percent recombination between Y and Spm in the parent plants was 

35.3. This same percent 0;' reccmbin tion anpe.:red tin the test cross 

w ears Of ~&I&L -of' the progeny plants th?.t were Y Spm/ y + in 

constitution, as table 29 illustrates. iAars on which the ratio ::as 
7;& Do %b 

exceptional, 8;11 described ealllier, were excluded from the -able, 
r, 

'The tests outlined in this section serve to illustrtite the manner 

of e::ami?:ing Spm constitutions in plants and the effect thtlt any one Spm 

will exert on any one state of a =-l. 
1 

Many ofthe te.t s included crosses 

beti:een plants carr:ring diL'f'e- ent states of al m-l as well as crosses to 

pl<?nts that were homoz:;gous for al, either with or without Spm in them. 

z'igure 1 is constructed to illustrate the $~EE.XXE& combinations of states 



121 

that we?e made and photo. 00 i.I_lustr~~.-ues the tyuees of kernels apTpei'ring 

1°C 
on an ear followjng such $ cross. Plants wSre grown from some of the f 

BaHegzted kernels in w .:i ch two dii?fexent sty..tes More present, one in 

Some of the 
each chro-zosoxe 3. /'Eests of them were m?de by crosses with plans 

houlozygous for al and h:?ving nc Spm in order to investigate the segregation 

of the two states to the progeny. Each st::te segregated from the oth;r 

~%~IE&x in the expected manner as if ecdh were a distinct allele of the 

other. Photo. 000 of an e-r produced by a cross of a plant carrying 

state 57OOA and Sh2 in one chromo::o.le 3 and state 5719A-2 and Sh2 in the 

homologue chr:;zosome by one that was %moz?gous for al and sh2 will 

illustr,zte this. Again, if, in t,!!ese x,lznts Spm were linked with a 

gene-tic mark r, tljis 1inkaFe was expressed in like manner by each state 

among the kernels on the test cross ear, and a large number o? tests of 

this t;r.-%e were made in examining new locations to which S;:m hi:d been 

trcnsposed. 



..p ‘I 

Ear$y in /t&e ,.$tudy / i 

.’ 122 
Part III 

OF SPM IN al D-I-' CUWURES 

of a m -l 
1 it ~4:s realized that the inderJendently 

i 
located[element'in the system did not remain constant either in number 

or in location in the chromosome complement. The first clear evidence 

of this was given by the ratio of kernel types on earm of plants grown 

in the summer of 1952 (table 3). At that time , transposition of the 

controlling elements Ds and AC was known and it warn considered possible 

that the independently located controlling element in the a1 m -l cultures, 

comprable to AC, was also undergoing transposition. In order to 

determine thiat change in location of this element was occurring, it was 

t 
necessary to examine its location in individual plants in the progeny ,$ s W --I 

2 -- ,, ‘u’ 
j : /)., : : 3, ,c-l.. --< ’ !+:I i (tc& 

of those in which its number and location was known. T-had been 

determined w in some of the plants of culture 6629 (tables 5 and 

8). Therefore, e tests of the progeny of seme-of- the plants &n 
LA, c%g ~"Ja.c :I& @&j pfYt.pw _ 

-a- e was conducted during the summer of 19541 Those conducted 
I 

with the progeny of four of the Y Spm / y + plants in culture 6629 were 

discussed in the preceeding section. ' ,&t was shown -&here that in the 

ma jority of,.\Spm carru4Bg &ogeny,&a&=s, onbly 1 Spm was present,and 
t I $  I 

~ .r.; \)J fi); ‘1 i. : 1  

that in the Y / y-p&r&s, it was carried in?hromosome 6 with Y and at 
. -,, 4 

the same location, or certainly close to this, as in the parent plants. 
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In a few plants, however, Spm was not linked with the Y marker, and in 

~B~~~~~YvH4d*r4~~,rn~~~~‘lU~~~~ 
several of them, two Spm elements were pregent instead of one,4 Some of 

d‘pfuA 
the cases > @&L44 wfo4Qul*~ QY%@i.wlucep 

were U . 
bd(JLw~~ 

""l% =--- I .C 
'Mrrac of the examined plants,-113 V 

*were derived from kernels on the testcross ears of 
GA t-u&w 66&R, CL 

pl+n~~entered in table 5. In addition, an ear of t&9 tiller of one 

of them, plant 6629A-4 that was Y Spm/y + in constitution, had been 

self-pollinated. Plants derived from selected kernels on this war were 
dl,bzp+timd*id kdf 

examined for the Spm constitution in each. In'- Y and Spm,w 
hl-dwnw ati clah~ u wm$W 

p&a&+ the following constitutionsi@ould.be expected to appear: 

(1) Y S&Y Spm, (2) Y Spm/y Spm, (3) Y Spm/ Y +, (4) Y Spm/y +, and 

(5) Y +/ y Spm. Among the 18 examined progeny plants h2tving both 

Y and Spm, 3 had constitution (l), 1 hnd constitution (2), 3 had 

constitution ('3), 7 had constitution (4), and 1 had constitution (5)o 

In the remaining 3 plants, other constitutions were found. All were 

Y/Y l One plant had two Spm elements, neither of which was linked with 

an allele of Y. Another had two Spm elements, one of which was linked 

with Y. The third plant had one Spm but it was not linked with either 

Y or ye 

If no changes in location or in action of Spm occur in plants having 

two Spm elene$ts at allelic positions in an homologouspair of chromosomes, 
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then all gametes each plant produces should carry Spm. On the testcross 

ears of these plants, all kernels would exhibit variegation. However, 

r 
changes do occur and the extent of this may be judged by the proport\on 

of pale colored kernels that are randomly distributed over the ears they 

produce. In the Spm/Spm plants, mentioned above, between 10 and 15 

percent of the kernels on the testcross ears they produced were uniformly 

pale colored instead of being variegated. These kernels represent caseu 

in which Spm had been altered, either in location or in action,in cells 

of the parent plant, T#J&p.& (IRQ 1-w& & 

Examination of the progeny of individual plants of culture 6629 

; &LJ-@A ) tJti&l ,:;tR ;&fiq. 
confirmed the Spm constitutions that had been presumed N kernel 

4 

types appearing on the testcross ears each produced. However, more !GZk 

Jr+.%*& u'$3 @ ty& . m from tests conducted with their progeny,and this is 

summarized in table 30. Spm apparently occupied the same position in 

chromosome 6 in each of the 4 Y Spm/y + plants ( A-l, A-4, A-6, and A-7) 

whose srogeny were examined. At this location Spm undergoes m change 
/\ 

both in location and in type of action,- sf thic m 

in t& last: wn nf +hi.q PP ~~~~~~, 
. '"fi p@J'!.~Q 

the frequency of m 

wtifiuw qpQm4 UJfh SF=- 
of this is much less than that which OL occuppies other 

4 

loctiions in the chromosome complement, a& gvidence of this will be 

!&uic.v, 
il.d shortly. 



124a 

The types of testcross conducted with plants grown in the summer 

of 1954, whose origins are given in table 18, were described in the 

previous section. "ome of them were made to investigatk the behavior 

of different states of a m-l 
1 whereas others were made to determine Spm 

constitutions in the progeny of plants whose apm constitution had been 

detrmined. uuring the summer of 1955, many testcrosses were conductdd 

door the purpose of intestigating transposition of dpm. This ret-tuired 

determining the presence or absence of Spm in each kernel on an ear 

produced by a plant whose Spm constitution x& was &Exxxm&xto be determined. 

For this purpose, it was necessary to use states of a m-l 
1 that give 

very ~IE#I clerly defined patterns of mutant spots in the presence of Spm. 

Therefore, the tester stocks that were used in the summer of 1955 were 

homozygous for either state 5718 or for state 5719A-l., W ith each, 

small spots of the Al type pigment appear in a colorless background when 

spm is present. In the absence of 3;pm, state 5718 gives only very 

faintly pigmented kernels. For tests requiring distinctions between 

bsv+ 
the Pr and pr phenotypes in the pale class of kernels,tester stocks 

carrying state 5719A-1 usually were used. This was done because 

in the absence of Spm, the intensity of pigment in MEE~~%!&x.EH 

is deep enough to allow distinctions to be made between the Pr and pr 
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phenotypes. With state 5718, such distinctions are difficult because of 

the faintness of pigment in them. 

The state of al m-l in the plants tested was either 5719A-1 or 

5718 unless otherwise stated. The use of these states was important 

because the frequency of occurrence of gemminal mutation is very low for 

each. However, occasionally a sector will appear on an ear of a plant 

hakjng state 57198-l in which all of the kernels within it exhibit 

the same mutant phenotype, indicating that a mutation to or toward Al 

had occurred in a cell during development and that its progeny cells 

were included in a sector on the ear. Such sectors on ears appear 

only very rarely, In the tables given in this part of the report, 

kernels having germinal mutations were not included. This was done 

to allow the data to be presented in a simple form whereby the ratio of 

the pale class of kernels (no Spm) to the variegated class (Spm present) 

may be read rapidly. To be meaningful, inclusion of germinal mutations 

in these tables would also require reference to the state of al m-1 that 

was present in each plant, to whether or not it was homozygous for this 

state or heterozygous with a 
1) 

or whether state 57198-b was present in 
few kernels with a 

one chromosome 3 and state 5718 in the homologue. Since/germinal 
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mutation appeared on the testcross ears, it was considered needless to 

complication the presentation, both in the text and in the tables,by 

detailed reference to the constitution of each plant with regard to the 

state of a m-l 
1 it carried. 

In the discussion that follows, the term lltestcrossl' will be used 

frequently. Unless otherwise state, it will refer to a cross made with 

a plant whose Spm constitution is to be determined by one that is 

homozygous for state 5718 or state 5719A-1 of aim-', for Sh2, and for 

w, 55 and wx, and in which no &pm is present. 

The number of progeny tests that were made for the purpose of 

examining Spm constitution indt&m-is large. In describing each of these 

tests it will be necessary to refer to culture numbers under which &he 

different progenies were grown, and to plant numbers within a culture. 

To lessen confusion that could arise from use of such numbers in the text, 

a chart was prepared, figure 2, that gives the culture number of the plant 

whose progeny was tested, the constitution of tlslis plant, and the culture 

number of its progeny along with the table number that illustrates the 

Spm constitution in the plants of its progeny. Culture numbers of plant 

grown in the summer of 1954 are entered in table 18, They run from 

6638 to 670@. The culture numbers for the summer of 1955 run from 
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6861 to 6900. Those for the summer of 1956, given in this section, 

are few, being 7260, 7261, and 7285. Those for the summer of 1957 

given in this section likewise are few. They run from 7330 to 7334. 

Another point should be made clear at this time. In casidering 

Spm number in a plant, it must be stated that it is not possible to 

distinguish the presence of two or more 3pm elements when these are 

located very close to one another in a chromosome. *ncrease in dose 

of Spm does not effect change in mutation pattern given by the states of 

al 
m-l that have been isolated. The same patt rn of this gppears when 

either one or more Spm elements are present. One state of a m-l 
2 allows 

the different doses of Spm to be distinguished from each other but a 

state of this type was not isolated early in the study of al m-l . 

Therefore, in this section, when a plant is stated to have one Spm, this 

does not exclude the possibility that two or more &pm elements were 

present in one of its chromosomes but located so close to each other t8 

that detection of this could not be made. The inheritance pattern 

among the kernels on a testcross ear wo,Ad be that of one $pm at one 

particular Mcation in the chromosome com!~lemento 
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At times, mention will be made of sectors appearing on some ears 

in which no Spm activity is given by any of the kernels within the 

sector. "ometimes the boundaries of the sectors were cle lrly defined 

and it was posl!&ble to ~KXIXJCC~X isolate all kernels within it. W ith 

others, the kernel types on the pear would not allow the exact boundar' 
"g 

s 

to be detErmined. However, experience with the forms of sectors appear- 

ing on ears allows one to project the boundaries of those sectors that are 

not accurately defined by kernel phenotype. When such appeared, the 

+b 
boundarges wase drawn anhear HX;IP bynprojection$,and the kernels within 

cad4 
the sector removed from the ear and MGM+ILI 

A 
separately. Undoubtedly, 

some errors were msde in projecting thedLboundsiries,but the degree of 

in 
this could not have been great. Inclusion/or exclusion of a few kernels 

.I s / 
seriously umw 

:<from the secto$ wuld not/alter the ratio of kernel typesnon the rest of 

the ear. 
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As indicated in table 30, the two Spm elements in plant A-8,and two 

of the four 3_pm elements in p&.$&t A-2>occupied positions in the y bearing 

6 
chromosome/in each, Evidence of this, derived from tests conductd with 

the progeny of plant A-8, will be summarized. 

Progeny Test 2, figure 2 

@he testcross ear of plant 66298-8 had the kernel types entered in 

table 5. The 9 constitution of 19 plants derived from the variegatedJ_Y 

class of kernels on this ear was determined in the manner described in the 

previous section. Eleven of these plants were x SLm/y + in Constitution. 

The other 8 plants had at least 2 Spm elements, each carried in the Y 

bearing chro:,!osome 6. The constitution of these plants will be symbolized 

as X Spm Sam/y + +. Eleven plants derived from the x class of colorless, 

sh2 kernels also were examined. Spm was absent from one of them but 

present in the other 10 plants. In 5 of thea?- 10 plants, one m 

was present and it was carried in the x bearing chromosome 6 in each 

(Y, S2zdx +I. In the other 5 plants, more than one SE was present and 

in all plants, each of them was located in the x bearing chron!osome 6 

(,Y Spm &m/y + +). In addition, th&rteen plants derived from -the x 

class of colorless, u2 kernels were examined. In 9 of them, no Spm was 

present. One "pm was present in 3 of the 4 plants having it (line 7, 

table 31) and two & elements were present in the fourth plant (line 8, 


